CHOLESTEROL AND CHOLESTERYL ESTER CONTENT IN NORMAL AND PATHOLOGIC SCALE  by Schmidt, Charles et al.
THE JOURNAL 01' WvESTlGATIVE DERMATOLOGY, 68:206- 209, 1977 
Copyright C 1977 by The Williams & Wilkins Co. 
Vol. 68. No. 4 
Printed in U.S .A . 
CHOLESTEROL AND CHOLESTERYL ESTER CONTENT IN NORMAL AND 
PATHOLOGIC SCALE 
CHARLES ScHMIDT, M.D .. NEAL S. PENNEYS, M.D .. PH.D., VINCENT A. ZmoH, PH.D. , IRis KIEM. B.S., M.S. , 
AND JEANNE SCHLOSSBERG, B.S. 
Department of Dermatology and Division of Biostatistics. Department of Epidemiology and Public Health. 
University of Miami S chool of Medidne. Miami . Florida , U.S. A . 
Using a sensitive new assay. we have measured the cholesteryl ester and cholesterol 
contents of stratum corneum from callus, normal skin, psoriatic lesions (plantar and 
nonplantarl. and lamellar ichthyotic lesions (plantar and nonplantar). Cholesteryl ester 
content of normal stratum corneum was significantly higher than that of callus, suggesting 
that callus was not a suitable control tissue for further biochemical studies involving sterol 
content of stratum corneum. Both psoriatic and lamellar ichthyotic scale have increased 
levels of free cholesterol and decreased levels of esterified cholesterol when compared to 
appropriate controls. 
The biochemical defects in the ichthyotic geno-
dermatoses and psoriasis are not known. A meta-
bolic abnormality that alters the relative concen-
tration of biologic membrane constituents in kera-
tinocytes might result in the phenotypic change of 
scaling. Two significant components of cell mem-
branes are cholesterol and cholesteryl esters 11 ]. 
In this report. we have determined cholesterol 
and cholesteryl ester content of stratum corneum 
from callus. membranous scale. involved psoriatic 
sole. lamellar ichthyotic sole. psoriatic scale. and 
lamellar ichthyotic scale to answer the following 
questions: (1) Is stratum corneum from callus 
equivalent to that obtained from normal skin 
other than the sole and therefore suitable as a 
control for further biochemical studies? (2) Are 
there variations in cholesterol and cholesteryl es-
ter content in pathologic scale obtained from pa-
tients with psoriasis and lamellar ichthyosis? 
MATERIALS AND METHODS 
Samples 
Plantar stratum corneum was obtained by scraping 
the soles of normal healthy volunteers with a sharp 
scalpel; membranous stratum corneum. by scraping in 
a similar fashion the legs or non-hairy areas of the 
backs of normal volunteers. Lanugo hairs were re-
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moved manually from the samples. Surface lipids were 
removed with acetone prior to scraping. 
Pathologic stratum corneum was collected as de-
scribed above after an acetone wash from patients with 
psoriasis and lamellar ichthyosis. Scales were taken 
from lesions that had not received topical therapy for at 
least 3 days prior to obtaining the sample. This time 
period was selected because it approximated the turn-
over time for both lamellar ichthyosis and psoriasis 
12.3]. 
Materials 
0-phthaldialdehyde was from Sigma. Silica gel G 
was from E. Merck. Cholesterol and cholesteryl esters 
were from Supelco. All solvents were the highest grades 
commercially available and were redistilled prior to 
use. 
Preparation of the Samples 
Samp1es of stratum corneum were weighed and ex-
tracted overnight with 5 mJ of chloroform:methanol, 
2:1, v/v, at room temperature. filtered through glass 
wool , and t he filtrate evaporated to dryness under ni-
trogen. 
Glass plates. 5 by 19 ern, were coated with 0.25-mm 
thickness of silica gel G. air dried. and activated by 
baking at 110°C for 1 hr. Samples were reconstituted in 
200 ILl of chloroform:metanol , 1:1, v/v, and applied 
to the plates which are then developed in the sol-
vent system, benzene:ethyl acetate:ether:acetic acid 
(160:20:20:0.41. ln this system, the~ for cholesterol was 
0.4; cholesteryl esters, 0.83. Data in each experiment 
were corrected to reflect recovery from the thin-layer 
plates. Standard plates containing 40 /Lg each of choles-
terol and cholesteryl oleate were developed concomi-
tantly with the unknowns . After air drying, standard 
plates were either developed by spraying with phos-
phomolybdic acid followed by baking or scraped to as-
say recovery. 
Cholesterol and cholesteryl ester regions of the sam-
ple plates were extracted with chloroform:rnethanol, 
1:1, v/v, and the extract evaporated to dryness under a 
stream of dry nitrogen. 
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Cholesterol Assay 
We used the assay described by Zlatkis and Zak 14]. 
Stock reagents included o-phthaldialdehyde, 50 mg, 
dissolved in 100 ml of concentrated acetic acid; concen-
trated sulfuric acid (37 N); and a cholesterol standard in 
concentrated acetic acid. The dried sample was treated 
with 1.0 ml of o-pht hald.ialdehyde reagent. Concen-
trated sulfuric acid (0.5 ml) was added and the solution 
thoroughly mixed. After incubations for 10 min at room 
temperature, the absorbance at 540 nm was deter-
mined. Standard curves, using stock cholesterol re-
agent, were generated with each assay and indicated 
that Beer's law was obeyed in the 0-60 J.l.g range. Ali-
quots from unknown samples generally contained be-
tween 5 and 40 J.Lg of chromophore. 
Statistics 
The distribution of many of the groups of measure-
ments was skewed. Therefore, the mean and standard 
deviation could not adequately describe such groups of 
measurements. The median, however. appropriately 
described the center of such distributions. Since paired 
measurements were not available, Wilcoxon's two-sam-
ple rank test was used in significance tests for the 
difference between medians 151. 
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RESULTS 
Cholester ol and cholesteryl ester content of 
plantar stratum corneum and membranous stra-
tum corneum are shown in Figures 1 and 2. Signif-
icant differences in the cholesteryl ester content of 
these tissues were observed (p < 0.002) (Tab.). 
Cholesterol and cholesteryl ester content of 
scale from psoriatic and lamellar ichthyotic lesions 
differed from that of membranous stratum cor-
neum. Generally, pathologic scale contained in-
creased amounts of free cholesterol and decreased 
amounts of esterified cholesterol. Significance 
testing gave results presented in the Table . Com-
parison of psoriatic sca1e to contro1 stratum cor-
neum yielded statistically significant results. Sim-
ilar trends were seen in samples from lamellar 
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TABLE . Statistical analysis of data 
Membranous horn 
Tissue 
Psoriatic sole Lame!Jar ichthyotic sole 
Ch• ChE• Ch ChE Cb ChE 
p > 0.2 0.1 > p > 0.002 p > 0.2 
Callus 
Ch 
ChE p < 0.002 0.01 > p > 0.002 p > 0.2 
Membr anous horn 
Ch 
ChE 
Ch 
p = 0.002 
Psoriatic scales 
ChE 
0.05 > p > 0.02 
a Ch, cholesterol; ChE, cholesteryl ester . 
Lamellar ichthyotic scales 
Ch ChE 
p = 0.02 
0.2 > p > 0.1 
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ichthyosis but these were of less significance be-
cause of the small sample population. Our data 
which are based upon wet weight might include 
changes secondary to altered water content in 
pathologic scale. Reporting data on a dry weight 
basis would increase the disparity between free 
cholesterol concentrations in normal and patho-
logic scale but decrease the disparity between cho-
lesteryl ester content in these tissues if the water 
content of pathologic scale were greater than that 
of normal scale. 
Involvement of plantar surface by the pathologic 
process produced increased quantities of free cho-
lesterol. Cholesteryl ester content in lamellar 
ichthyotic sole stratum corneum was not signifi-
cantly different from that of normal sole, while 
that of involved psoriatic sole was significantly 
increased. The levels of cholesteryl esters in in-
volved psoriatic sole are similar to those found in 
psoriatic lesions elsewhere. 
DlSCUSSION 
Our results indicate that stratum corneum from 
nonplantar normal skin contains significantly 
higher quantities of cholesteryl esters than does 
that from sole. Free cholesterol content was simi-
lar in both tissues. Plantar stratum corneum is 
therefore not a suitable control when comparing 
the components of sterol biosynthesis in pathologic 
scale to that in normal stratum corneum. confirm-
ing the observations of others that plantar and 
membranous stratum corneum differ 16]. 
The hypothesis that sterol esterification and or-
derly keratinization a re closely linked is not new. 
Evidence supporting this r elationship has devel-
oped from several sources. Free cholesterol, found 
in viable cell membranes becomes esterified as 
cells become metabolically inactive and internal 
membranes disappear. This process occurs in epi-
dermis. a tissue that can be thought of as degener-
ating, corpus luteum, and demyelinated areas of 
disseminated sclerosis [7]. Electron microscopic 
examination of epidermis revealed structural dis-
integration ofinternal cell organelles in the upper 
layers 18]. Cholesterol in membranous stratum 
corneum is highly esterified as first shown histo-
chemically by Unna and Goladetz in 1909 19]. 
Kooyman . in 1 932. analyzed the lipids of several 
layers of human plantar and palmar epidermis 
and reported that the percentage of cholesterol in 
the esterified form increased from 7o/c in the basal 
cell layer to 18% in the stratum corneum 11 0]. 
Freinkel and Aso, using in vitro techniques, dem-
onstrated esterification of free cholesterol in ho-
mogenates of epidermis, stratum corneum. and 
surface film by cholesterol ester synthetase [ 11 ]. 
Freinkel and Fiedler further confirmed Kooy-
man's observations that the proportion of esteri-
fied sterols increased during stratification and cor-
nification of the fetal and newborn whole skin and 
epidermis [12]. 
Abnormalities of cholesterol synthesis and es-
terification may be found in pathologic keratiniza-
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tion. Dramatic evidence of this was provided by 
the drug, triparanol , which prevented the conver-
sion of demosterol to cholesterol [13]. When given 
to patients, the drug produced a severe ichthyosi-
form condition. In addition, Ziboh and Hsia 114] 
have reported clearing of the scaling lesions of 
essential fatty acid-deficien t rats with topical pros-
taglandin E~ which resulted in a 70% inhibition of 
sterol ester biosynthesis. These authors postulated 
that the scaling condition may be secondary to 
abnormal sterol esterification. 
X-ray diffraction studies of the horny layer from 
normal calJus revealed that eacb 250-A protein 
fibril was surrounded by a noncrystalline 80-A 
lipid layer 115]. However , scales from ichthyosis 
and psoriasis had an abnormal aggregation of to-
nofilaments with crystallization of cholesterol and 
phospholipids 1161. Reduced ratios of esterified to 
free sterols were observed in psoriatic epidermis. 
scales, and surface film 117-191. Cornish et a1120], 
however , reported that esterified cholesterol in 
psoriatic scale averaged 22%- of the dry weight. 
similar to that found by Kooyman in normal scale 
11 0]. Wilkinson and Farber found no difference in 
surface lipids in psoriasis and in normals after 
defatting of the skin 12ll. 
Scaling is a nonspecific sign of skin disease and 
is observed in many genodermatoses. inflamma-
tory dermatoses. cutaneous infections. tumors. 
and metabolic diseases. Our results with the dis-
parate scaling dermatoses. psoriasis and lamel1ar 
ichthyosis. suggest that increased free cholesterol 
and decreased cholesteryl esters in pathologic stra-
tum corneum are nonspecific signs. perhaps re-
lated to increased turnover and decreased transit 
time 12,31. Further studies with other scaling dis-
eases will hopefully clarify the relationship of al-
tered sterol content and the process of scaling. 
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